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Aerodynamics Model ARL

Aerodynamics: _ U, Equationsof x Environment
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Guidance System

Guidance Strategies

* Proportional Navigation (PN)

* Impact Point Prediction (IPP)

* Generalized Vector Explicit Guidance (GENEX)

Canard Displacement from Acceleration Command Generalized System Model:
0c = fo(z,ac) T = f(z,u)
| Guidance Aerodynamics
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\Navigation Functions

Parameters

Common Parameter Optimization
{90 3 td}

Proportional Navigation

2
fp= KptT[T-p + Vptgo)
gﬂ

Generalized Vector Explicit Guidance

fo = [0 (Kp(r—v(v-7)) + Ky(vy —v(vf - v)))

7l
Impact Point Predictor
f _ Kmrﬁi—:pfdyvﬂ Ti, <= Tthresh
! Kpg(?)\(j?)z t > fq
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Optimization Setup

Altitude vs. Range
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PN Results
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ProNav Trajectory
@ ' Altitude vs. Range

2500

ProNav 2000 |
 Engages Target, Error [-0.03, .58, 0] m
« Actuation System not Saturated

e Biggest Drivers 1000 |

'QE

1500 |

Z (m)

- 500 |
* Muzzle Velocity
(o) | ‘ ‘ ‘ s
0 1000 2000 3000 4000 5000 6000
X (m)
Actuator Peak Displacement Altitude vs. Theta
10
= Canards Stowed
8 === Canards Deployed | 50 |

: \ |

d . (deg)
N
Theta (deg)

0 1 -100 |

0 10 20 30 40 50 0 500 1000 1500 2000
Time in Flight (s) Z (m)

The Nation’s Premier Laboratory for Land Forces

UNCLASSIFIED



UNCLASSIFIED

GENEX Results

Tuning Parameters
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GENEX Trajectory

Altitude vs. Range
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Minimize Cost Function with Parameters
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IPP Results
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IPP Trajectory

Altitude vs. Range
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Trajectory Summary

Altitude vs. Range
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Monte Carlo Analysis

1000 Runs Each Configuration using Optimized Parameters
« PN
« GENEX
 IPP

Initial Conditions / Environmental Variations

Description Parameter Mean Value Standard Deviation Units
Muzzle Velocity My 275 5) e
Gun QE 0o 0, 1 deg
Ground Temperature To 100 5) °F
Wind Amplitude Wy 0 7 L
Wind Direction Wy 0 s rad
Objective

« Target near effective range of maneuver for this system
« Determine effectiveness of each guidance strategy
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